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(57) ABSTRACT

A temperature control system for a drive device of a motor
vehicle includes a first temperature control circuit, which is
coupled to an electric drive apparatus of the drive device; a
second temperature control circuit, which is separate from the
first temperature control circuit and is coupled to an electric
energy store of the drive device; and a heat exchanger for
optionally transferring heat between the first temperature
control circuit and the second temperature control circuit. A
method for operating a temperature control system for a drive
device of a motor vehicle includes optional transmission of
heat between the first temperature control circuit and the
second temperature control circuit by way of a heat exchanger
in such a way that heat is extracted from the first temperature
control circuit and the second temperature control circuit.
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1
TEMPERATURE CONTROL SYSTEM FOR A
DRIVE DEVICE OF A MOTOR VEHICLE,
METHOD FOR OPERATING SUCH A
TEMPERATURE CONTROL SYSTEM AND
MOTOR VEHICLE HAVING SUCH A
TEMPERATURE CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. patent application claims priority to German
Patent Application DE 102010060230.2, filed Oct. 28, 2010,
which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to a temperature control sys-
tem for a motor vehicle, a method for operating such a tem-
perature control system and to a motor vehicle having such a
temperature control system.

BACKGROUND OF THE INVENTION

Although the present invention can be applied to any
vehicles, said invention and the problems on which it is based
are explained in more detail with respect to a passenger motor
vehicle.

In hybrid vehicles and/or electric vehicles, the power
which can be output by an electric drive apparatus and an
electric energy store which is assigned to the electric drive
apparatus depends to a great extent on the temperature of
these components. The electric drive apparatus delivers
power best at a temperature which is as low as possible, and
the electric energy store preferably delivers power best at a
temperature of approximately 37° C. For the electric drive
apparatus and the electric energy store to deliver power in an
optimum way, it is necessary to control the temperature of
these components.

DE 601 22 992 D2, which is incorporated by reference
herein, describes a cooling apparatus for a hybrid vehicle
comprising a thermal engine and at least one electric motor.
The cooling apparatus comprises a cooling means for cooling
the thermal engine and the electric motor, a cooler with a
plurality of cooling ducts for cooling the coolant through heat
exchange with an airstream, a first line between the cooler and
the thermal engine in the direction of flow of the coolant and
a second line between the thermal engine and the cooler in the
direction of flow of the coolant. In addition, the cooling
apparatus has a branch line which comprises a first branch,
connected to the first line, and a second branch, connected to
aline upstream of the thermal engine, wherein the branch line
is suitable for cooling the electric motor, and wherein the first
branch is routed via an electronic power unit and the electric
motor.

U.S. Pat. No. 6,450,275 B1, which is incorporated by ref-
erence herein, describes a method and a device for cooling
components of a hybrid vehicle. The device serves to cool
electric hybrid components such as, for example, an alternat-
ing current system, an internal combustion engine, an electric
drive unit with the associated assemblies such as, for
example, a DC/DC converter, a generator and a drive motor.
These components are cooled by means of a cooling system
which has cooling circuits, coolers, fans, pumps, an air con-
ditioning system compressor and a control apparatus. The
pumps move the fluid through the cooling circuits, wherein
the fluid takes up heat from the components, which heat is
discharged by means of the coolers with the participation of
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the airstream of the fan. The control apparatus controls the
temperature of the components by measuring the current
component temperature or the corresponding coolant tem-
perature and comparing it with a measured value of a sensor
in order to switch on the fan if necessary. By monitoring the
fan speed, the control apparatus regulates the airstream pass-
ing via the cooler and the air capacitor in order to keep the
coolant temperature and therefore the temperature of the
components within predetermined limits.

SUMMARY OF THE INVENTION

The present invention provides an improved temperature
control system.

Disclosed herein is a temperature control system for a drive
device of a motor vehicle is provided, comprising: a first
temperature control circuit, which is coupled to an electric
drive apparatus of the drive device; a second temperature
control circuit, which is separate from the first temperature
control circuit and is coupled to an electric energy store of the
drive device; and a heat exchanger for optionally transferring
heat between the first temperature control circuit and the
second temperature control circuit.

In addition, also disclosed herein is a method for operating
a temperature control system for a drive device of a motor
vehicle is provided, wherein the temperature control system
has a first temperature control circuit, which is coupled to an
electric drive apparatus, and a second temperature control
circuit, which is separate from the first temperature control
circuit and is coupled to an electric energy store, having the
following method step: optional transmission of heat between
the first temperature control circuit and the second tempera-
ture control circuit by means of a heat exchanger in such a
way that heat is extracted from the first temperature control
circuit or the second temperature control circuit.

This makes it possible to transfer heat from the first tem-
perature control circuit to the second temperature control
circuit and vice versa in order to cool the electric drive appa-
ratus and/or adjust the electric energy store to an optimum
operating temperature as required.

According to one preferred development, the temperature
control system has a third temperature control circuit for
controlling the temperature of a passenger compartment of
the motor vehicle, wherein the heat exchanger is designed to
optionally transfer heat between the first temperature control
circuit and the second temperature control circuit, the first
temperature control circuit and the third temperature control
circuit, the second temperature control circuit and the third
temperature control circuit and/or the first temperature con-
trol circuit, the second temperature control circuit and the
third temperature control circuit. As a result, heat can be
extracted both from the first temperature control circuit and
from the second temperature control circuit by means of the
third temperature control circuit, as a result of which these
temperature control circuits can be cooled down further. This
expands the field of application of the temperature control
system.

According to one preferred exemplary embodiment, the
third temperature control circuit has an electric air condition-
ing compressor. As a result, the third temperature control
circuit can be cooled as desired by means of the electric air
conditioning compressor.

According to one preferred embodiment, the temperature
control circuits each have switching valves for switchably
feeding a temperature control fluid to the heat exchanger.
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As a result, the optional transfer of heat between the tem-
perature control circuits is embodied in such a way that it can
be switched with technical simple means.

According to one preferred development, the temperature
control system has a control apparatus for actuating the
switching valves, which permits automated and comfortable
actuation of the switching valves. This simplifies the use of
the temperature control system.

According to a further preferred development, the electric
drive apparatus has an electric machine, which is coupled to
the first temperature control circuit, and a power electronic
system, in particular a pulse controlled inverter, which is
coupled to the first temperature control circuit. As a result,
both the temperature of the electric machine and that of the
power electronic system assigned thereto can be advanta-
geously controlled. This increases the electric power which
can be extracted from the drive apparatus.

According to one preferred embodiment, the temperature
control system has a heating apparatus, in particular an elec-
tric heating apparatus, for heating the electric energy store. As
a result, the electric energy store can be heated quickly and to
an optimum operating temperature independent of the first
and second temperature control circuits.

According to a further preferred embodiment, the first tem-
perature control circuit and/or the second temperature control
circuit each have a cooler, in particular an air cooler. As a
result the heat which is carried away from the electric energy
store and the electric drive apparatus can be discharged into
the surroundings of the motor vehicle.

According to one preferred development, the electric
energy store is embodied as a high voltage battery. This
permits loss-reduced transfer of the electric energy from the
electric energy store to the electric drive apparatus.

According to one preferred embodiment, in a further
method step, heat is extracted from the first temperature con-
trol circuit and/or the second temperature control circuit by
means of a third temperature control circuit. As a result, heat
can be extracted both from the first temperature control circuit
and from the second temperature control circuit by means of
the third temperature control circuit, as a result of which these
temperature control circuits can be advantageously cooled
down.

According to a further preferred embodiment, the drive
device is prepared for maximum power output by means of
the further method step. This makes it possible, for example,
to condition the drive device for a race start.

According to one preferred development, during the fur-
ther method step the electric drive apparatus is cooled down to
a minimum possible temperature, and the temperature of the
electric energy store is adjusted to a temperature which is
optimum for operating the electric energy store. As a result, it
is possible for the electric drive apparatus and the electric
energy store to deliver power in an optimum way.

According to one preferred embodiment, the further
method step is initiated by activating a switching device. As a
result, a vehicle driver can initiate the further method step as
desired, in order, for example, to permit a race start of a motor
vehicle with such a temperature control system.

BRIEF DESCRIPTION OF THE DRAWING
FIGURE

The invention is explained in more detail on the basis of
exemplary embodiments and with reference to the appended
schematic figure of the drawing in the following text.
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The appended figure shows, in a plan view, a motor vehicle
comprising a temperature control system according to a pre-
ferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWING
FIGURE

The figure illustrates a preferred embodiment of a tempera-
ture control system 1 for a drive device 2 of a motor vehicle 3.
The drive device 2 has, for example, at least one electric drive
apparatus 4 for driving a drive axle 5, an electric energy store
6, in particular a battery 6, and a further drive axle 8, which
can also be driven by means of a further electric drive appa-
ratus 7. The drive device 2 can optionally have an internal
combustion engine 9. One of the drive axles 5, 8 or both drive
axles 5, 8 can be driven by means of the internal combustion
engine 9. The first and/or the second electric drive appara-
tuses 4, 7 each preferably have an electric machine 10 and a
power electronic system 11, in particular a pulse controlled
inverter 11, which is assigned to the electric machine 10. The
electric energy store 6 is preferably embodied as a high volt-
age battery 6. The electric machine 10 is preferably designed
for operating both a generator and an electric motor. The
electric machine 10 can be operatively connected to the inter-
nal combustion engine 9.

The temperature control system 1 has, for example, a first
temperature control circuit 12 which is assigned to the elec-
tric drive apparatus 4 and/or to the further electric drive appa-
ratus 7 and is coupled thereto. In the text which follows,
reference is only made to the first electric drive apparatus 4.
The second electric drive apparatus 7 can also be coupled to
the first temperature control circuit 12 or have a separate
temperature control circuit. In particular, the first temperature
control circuit 12 is coupled to the electric machine 10, and to
the power electronic system 11. The temperature control
fluid, in particular cooling water, preferably flows through the
first temperature control circuit 12. The first temperature con-
trol circuit 12 is coupled to the electric machine 10 and to the
power electronic system 11 in such a way that the latter are
cooled or heated by means of the first temperature control
circuit 12. A pump apparatus 13, in particular an electric
water pump 13, of the first temperature control circuit 12
ensures that the cooling fluid circulates. A cooler 14, in par-
ticular an air cooler 14, which is preferably arranged in a front
region 34 of the motor vehicle 3, permits heat to be extracted
from the first temperature control circuit 12. The cooler 14 is
preferably embodied as an air/fluid heat exchanger.

The temperature control system 1 also has a heat exchanger
15, in particular a triple action heat exchanger 15 which is
operatively connected in a switchable fashion to the first
temperature control circuit 12. By means of a switching valve
16, in particular an electric switching valve 16, of the first
temperature control circuit 12, the cooling fluid which circu-
lates in the first temperature control circuit 12 can be passed
through the heat exchanger 15 or can be made to pass by the
heat exchanger 15 by means of a bypass line 17 given a
corresponding switch position of the switching valve 16.

The temperature control system 1 preferably has a second
temperature control circuit 18, which is preferably assigned
to the electric energy store 6 and is coupled thereto. The
second temperature control circuit 18 preferably has a pump
apparatus 19, in particular an electric water pump 19, which
circulates a cooling fluid in the second temperature control
circuit 18. Heat is fed to or extracted from the electric energy
store 6 by means of the second temperature control circuit 18.
The second temperature control circuit 18 is preferably also
operatively connected to the cooler 14, wherein the tempera-
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ture control circuits 12, 18 in the cooler 14 are preferably
fluidically separated from one another. Alternatively, the sec-
ond temperature control circuit 18 can have a separate cooler
32. The cooler 32 is preferably embodied as an air/fluid heat
exchanger. The second temperature control circuit 18 can also
be embodied without a cooler. The second temperature con-
trol circuit 18 is also optionally operatively connected to the
heat exchanger 15, as a result of which heat can be transferred
between the temperature control circuits 12, 18. By means of
a corresponding switching valve 20, in particular an electric
switching valve 20, the temperature control fluid which cir-
culates in the second temperature control circuit 18 can
optionally be fed in a switchable fashion through the heat
exchanger 15 or made to pass by the latter by means of a
corresponding bypass line 21.

The temperature control system preferably has a third tem-
perature control circuit 22 which serves to control the tem-
perature of the passenger compartment 23 of the motor
vehicle 3. The third temperature control circuit 22 preferably
has an air conditioning compressor 24, in particular an elec-
tric air conditioning compressor 24, for extracting heat from
the third temperature control circuit 22. In addition, the third
temperature control circuit 22 preferably has a pump appara-
tus 25, in particular an electric water pump 25, and a heat
exchanger 33 for exchanging heat between the passenger
compartment 23 and the third temperature control circuit 22.
The third temperature control circuit 22 is preferably option-
ally operatively connected to the heat exchanger 15. By
means of a switching valve 26, in particular an electric
switching valve 26, and a bypass line 27, cooling fluid which
circulates in the third temperature control circuit 22 can be fed
in a switchable fashion through the heat exchanger 15 or
optionally made to pass by the latter. The temperature control
circuits 12, 18, 22 are preferably fluidically separated from
one another.

The heat exchanger 15 is designed, in particular, to transfer
heat between the first temperature control circuit 12 and the
second temperature control circuit 18, between the first tem-
perature control circuit 12 and the third temperature control
circuit 22, between the second temperature control circuit 18
and the third temperature control circuit 22, and between all
the temperature control circuits 12, 18, 22 simultaneously.

The temperature control system 1 also preferably has a
control apparatus 28 for actuating the switching valves 16, 20,
26. In addition, the temperature control system 1 has a heating
apparatus 29, in particular an electric heating apparatus 29,
for heating the electric energy store 6. The temperature con-
trol system 1 preferably has a switch 30, which can be oper-
ated by a vehicle driver and has the purpose of controlling the
temperature control system 1, and a display 31 for displaying
a temperature control state of the drive device 2. The method
of functioning of the temperature control system 1 is
explained below. In a first operating state of the temperature
control system 1, heat which can be extracted from the first
and second temperature control circuit 12, 18 is maximized
by means of the coolers 14, 32 and the heat exchanger 15.
That is to say the electric drive apparatus 4 is cooled as far as
is possible by means of the cooler 14 and the second tempera-
ture control circuit 18, and the temperature of the battery 6 is
adjusted to a temperature, for example 37° C., which is opti-
mum for operating the battery 6, by means of the waste heat
of'the electric drive apparatus 4. The first temperature control
circuit 12 and the second temperature control circuit 18
exchange heat by means of the heat exchanger 15 in such a
way that the electric drive apparatus 4 and the electric energy
store 6 preferably have the lowest possible temperature which
can be achieved by means of the cooling capacity of the
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6

coolers 14, 32. Depending on which circuit 12, 18 heat is to be
discharged from or which circuit 12, 18 fed to, the tempera-
ture control circuits 12, 18 are coupled to one another or
decoupled from one another by means of the heat exchanger
15. If necessary, the battery 6 can be cooled by means of the
cooler 32 or heated by means of the waste heat of the electric
drive apparatus 4. In the first operating state of the tempera-
ture control system 1, the switching valve 26 of the third
temperature control circuit 22 is preferably switched in such
a way that the third temperature control circuit 22 is
decoupled from the heat exchanger 15. The third temperature
control circuit 22 serves in this operating state merely to
control the temperature of the passenger compartment 23 of
the motor vehicle 3. A cooling capacity of the air conditioning
compressor 24 is used only to air-condition the passenger
compartment 23. The temperature of the passenger compart-
ment 23 can be set as desired by the vehicle driver. The
switching of the switching valves 16, 20 for the controlled
exchange of'heat between the temperature control circuits 12,
18 is preferably carried out by the control apparatus 28 with-
out being noticed by the vehicle driver.

By actuation of the switch 30, the temperature control
system 1 is switched into a second operating state, referred to
as race start conditioning. In the second operating state, the
third temperature control circuit 22 is coupled to the heat
exchanger 15. It is therefore possible to exchange heat
between the third temperature control circuit 22 and the first
and/or the second temperature control circuits 12, 18 as well
as between the first and second temperature control circuits
12, 18. In the second operating state, the drive device 2 is
placed in a state in which it can make available maximum
electric power. In the second operating state, the temperature
control system 1 is preferably switched when the motor
vehicle 3 is connected to a fixed power network. Furthermore,
in the case in which the motor vehicle 3 is embodied as a
hybrid vehicle and the running internal combustion engine 9
generates electric current by means of a generator operating
mode of an electric machine, the temperature control system
1 can be switched into the second operating state, for example
in a stationary phase of the motor vehicle 3 at a set of traffic
lights. The electric air conditioning compressor 24 is prefer-
ably operated by means of the electric energy which is fed
from the outside or generated by the internal combustion
engine 9.

By means of the air conditioning compressor 24 of the third
temperature control circuit 22 and of the heat exchanger 15,
the first temperature control circuit 12 is adjusted to a tem-
perature which is as low as possible. In particular to a tem-
perature at the electric machine 10 of approximately 140° and
of approximately 70° at the power electronic system 11. The
electric machine 10 is preferably not cooled down as far as the
power electronic system 11 which is assigned to it, in order to
avoid worsening the running properties of a transmission
which is operatively connected to the electric machine 10.
The second temperature control circuit 18 is preferably
adjusted to a temperature of approximately 37° since at this
temperature the electric energy store 6 delivers power best. In
particular, the battery 6 is adjusted to a temperature which is
somewhat below the “comfortable temperature” of the bat-
tery 6 of approximately 37° C., since the battery 6 heats up
under load. In order to reach the desired temperature of the
second temperature control circuit 18, waste heat of the first
temperature control circuit 12 is preferably transferred to the
second temperature control circuit 18, or the electric energy
store 6 is adjusted to the desired temperature by means of the
optional heating apparatus 29. If the temperature of the bat-
tery 6 is too high, heat is extracted from the second tempera-
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ture control circuit 18 by means of the cooler 32 and/or by
means of the third temperature control circuit 22. The electric
drive apparatus 4 can be overloaded for a certain period of
time after cooling down to a correspondingly low tempera-
ture, and can therefore make available significantly more
driving power than in a warm state.

The display 31 displays to the vehicle driver in particular
the period of time for which the electric drive apparatus 4 and
the battery 6 can be operated at maximum electric power, that
is to say under overloading. This period depends on how low
the temperature is, that is to say the cooling down in the first
temperature control circuit 12. The lower the temperature in
the first temperature control circuit 12, the longer the period
of time for which an overload operating mode of the electric
drive apparatus 4 is possible. The vehicle driver can therefore
decide whether the currently possible duration of the overload
operating mode is sufficient or whether he would like to
perform further cooling down. After the cooling down of the
electric drive apparatus 4, it can be selectively overloaded and
therefore has a higher power output than in a warm operating
state.

The invention claimed is:

1. A temperature control system for a drive device of a
motor vehicle, comprising:

a first temperature control circuit, which is coupled to an

electric drive apparatus of the drive device;

a second temperature control circuit, which is separate
from the first temperature control circuit and is coupled
to an electric energy store of the drive device; and

a heat exchanger for selectively transferring heat between
the first temperature control circuit and the second tem-
perature control circuit,

wherein the first and second temperature control circuits
each have switching valves for selectively bypassing a
temperature control fluid around the heat exchanger.

2. The temperature control system as claimed in claim 1,
wherein the temperature control system has a control appa-
ratus for actuating the switching valves.

3. The temperature control system as claimed in claim 1,
wherein the electric energy store is embodied as a high volt-
age battery.

4. The temperature control system as claimed in claim 1
further comprising a third temperature control circuit for
controlling the temperature of a passenger compartment of
the motor vehicle,

wherein the heat exchanger is configured to selectively
transfer heat between: (a) the first temperature control
circuit and the second temperature control circuit, (b) the
first temperature control circuit and the third tempera-
ture control circuit, (c) the second temperature control
circuit and the third temperature control circuit, and/or
(d) the first temperature control circuit, the second tem-
perature control circuit and the third temperature control
circuit.

5. The temperature control system as claimed in claim 4,

wherein the third temperature control circuit has an electric
air conditioning compressor.
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6. The temperature control system as claimed in claim 1,
wherein the electric drive apparatus has an electric machine
coupled to the first temperature control circuit, and a power
electronic system coupled to the first temperature control
circuit.

7. The temperature control system as claimed in claim 6,
wherein the power electronic system is a pulse controlled
inverter.

8. The temperature control system as claimed in claim 1,
wherein the temperature control system has a heating appa-
ratus for heating the electric energy store.

9. The temperature control system as claimed in claim 8,
wherein the heating apparatus is an electric heating apparatus.

10. The temperature control system as claimed in claim 1,
wherein the first temperature control circuit and/or the second
temperature control circuit each have a cooler.

11. The temperature control system as claimed in claim 10,
wherein the cooler is an air cooler.

12. A motor vehicle having a temperature control system as
claimed in claim 1.

13. A method for operating a temperature control system
for a drive device of a motor vehicle, wherein the temperature
control system has a first temperature control circuit, which is
coupled to an electric drive apparatus, and a second tempera-
ture control circuit, which is separate from the first tempera-
ture control circuit and is coupled to an electric energy store,
having the following method step:

transmission of heat between the first temperature control

circuit and the second temperature control circuit by
means of a heat exchanger in such a way that heat is
extracted from the first temperature control circuit or the
second temperature control circuit;

operating a switching valve in the first temperature control

circuit to deliver temperature control fluid either into or
around the heat exchanger; and

operating another switching valve in the second tempera-

ture control circuit to deliver temperature control fluid
either into or around the heat exchanger.

14. The method as claimed in claim 13 further comprising
the step of:

extracting heat from the first temperature control circuit

and/or the second temperature control circuit by means
of a third temperature control circuit.

15. The method as claimed in claim 14, wherein the drive
device is prepared for maximum power output by means of
the extracting step.

16. The method according to claim 14, wherein during the
extracting step, the electric drive apparatus is cooled down to
a minimum possible temperature, and the temperature of the
electric energy store is adjusted to a temperature which is
optimum for operating the electric energy store.

17. The method as claimed in claim 14, wherein the
extracting step is initiated by activating a switching device.
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